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As a new material, Pd nanoparticles has a wide range of applications in catalysts, 
optical materials and sensors owing to their unique optical, electrical and catalytic 
properties. There are various advantages of using plants or their extracts to form Pd 
nanoparticles, including mild operation conditions, easy-obtained raw materials and the 
simplified operational procedure. However, studies on plant-based bioreduction have 
been focused on synthesis and characterization of spherical nanomaterials nowadays, 
and the reaction mainly took place in batch operation. Many fundamental problems are 
far from clear, for instance, shape and size control of Pd nanomaterials have received 
very limited success. Moreover, process design of plant-based continuous biosynthesis 
and optimization of operation conditions have been less investigated. Hence, this 
research screened and obtained stronger reducing capability plant for biosynthesis of 
Pd nanomaterials, and studied on the influence of reaction conditions on reduction of 
Pd ions. The optimization of biosynthesis of Pd nanoparticles in continuous tubular 
reactor was also conducted.  
Firstly, 35 kinds of plants were screened in terms of their performance in 
biosynthesis of Pd nanoparticles, the results showed that these plants have the potential 
to form Pd nanoparticles at 30 ℃, and most of the products were spherical particles. Pd 
nanoparticles with different size could be obtained with different plants. Atomic 
Absorption Spectroscopy analysis showed that Syzygium samarangense leaf extract 
had the highest reduction rate. Reaction temperature, pH value of extracts and 
concentration of precursor were investigated when Syzygium samarangense leaf extract 
employed as bioreductant. The results indicated that when the reaction was conducted 
at higher precursor concentration, lower reaction temperature or lower pH value, Pd 
nanoparticles with larger size could be achieved. 
In the optimization process, Pd triangular nanoplates were successfully fabricated 
by Syzygium samarangense leaf extract, to the best of our knowledge, this is the first to 
report the Pd triangular nanoplates by biological method With the aid of TEM and 
















of 2～3, Na2PdCl4 concentration of 4 mmol and under room temperature (30 ℃), Pd 





ions showed little influence on improving the yield of Pd triangular nanoplates. TEM 
implied that Pd triangular nanoplates evolved from the initial spherical nanoparticles 
through ostwald ripening process. Fourier transform infrared spectroscopy analysis 
showed that flavonoids in Syzygium samarangense extract play a key role in the 
formation process of Pd triangular nanoplates. 
In the tubular reaction system, Na2PdCl4 solution was used as Pd precursor, 
Syzygium samarangense leaf extract served as both reducing agents and protective 
agents, by optimization of structure parameters such as mixer and operation parameters, 
the silicone oil packaged process was selected as the optimal technology to synthesize 
Pd nanoparticles. The obtained size distribution of nanoparticles (deviation of 15%) is 
narrower than that in batch reactor(deviation of 31.7%). Silicone oil packaged process 
can effectively avoid the adhering on the wall for Pd nanoparticles. In addition, it can 
extend the residence time, which could improved Pd ions one-pass reduction degree. 
Moreover, silicone oil in the whole process was easy to be separated and cyclic utilized. 
Then the influence of various reaction parameters were investigated for silicone oil 
packaged precess, the results demonstrated that the velocity ratio (silicone oil to 
reaction solution) has little influence on size of Pd nanoparticles; higher precursor 
concentration and higher reaction temperature were conducive to the formation of Pd 
nanoparticles with larger size; and the concentration of Na2PdCl4 showed a good linear 
correlation of the size of Pd nanoparticles. 
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第 1章  文献综述 
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第一章  文献综述 
1.1 钯纳米材料的性质和应用 










年，“纳米技术”的术语由东京理科大学的 Norio Taniguchi 教授提出，而它的广
泛普及则是到了 1981 年由美国圣地亚哥国家实验室的 Eric Drexler 来完成[5]。上
个世纪 80 年代，Krto 等采用激光加热石墨蒸发并在甲苯中形成碳的团簇，得到


































似的拉曼增强效果(如图 1-1 所示)。 
 
图 1-1：不同形貌钯纳米颗粒经硫醇嘧啶处理后拉曼图[9] 
Fig.1-1. Raman spectra of 4-mercaptopyridine molecules that were adsorbed on Pd 
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